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(54) Luminescent organic material for light-emitting devices 

(57) A luminescent organic material for light-emit- 
ting devices, in particular, for organic LEDs, having at 
least one thienyl-S,S<lioxide unit obtained by function- 
alizing the sulfur of a thiophene ring. Inserting a thi- 
ophene ring functionalized with oxygen atoms In 
oligothiophenes of appropriate length and symmetry 
provides for maintaining or inaeasing Intrinsic quantum 
efficiency and for modulating the wavelength of the 
emitted light. 
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Description 

[0001] Tbe present invention relates to a luminescent organic material for light-emitting devices, in particular, 
organic LEDs. 

5 [0002] The luminescent organic materials, such as PPV and Alq3. currently used for making thin films in light-emit- 
ting devices, such as light-emitting diodes or LEDs, have numerous drawt)acks. 

[0003] These are normally sotved by encapsulating the materials and inserting metal contacts embedded in the 
films. 

[0004] Moreover, the quantum efficiency and emission wavelength tunability of known materials are poor. 
10 [0005] Research is therefore being conducted into materials enabling organic LEDs to be made entirely of plastic 
material. 

[0006] It is therefore an object of the present invention to provide light-emitting devices, in particular. LEDs. 
designed to elinrtinate the aforementbned drawt>acks. and which, in particular, make encapsulation and the insertion of 
metal contacts superfluous, enable LEDs to be made of organic material arxi using the same dass of material for all 
15 the emission wavelengths in the visible spectrum, are wore reliable, and are easier to produca 

[0007] According to the present invention, there Is provided a luminescent material for light-emitting devices, com- 
prising at least one thlenyl-S.S-dloxide unit 

[0008] Ihe present invention is described in detail below, wrtii reference also to the accompanying drawing showing 
a view in perspective of an organic LED in accordance with the present invention. 
20 [0009] Number 1 in Rgure 1 indicates as a whole an organic LED comprising a support 2, for instance a plastic foil, 
a f Dm 3 on a side of the support 2 and respective power supplying elements; the film 3 Is made of a material containing 
at least one thienyl-S,SKliQxide unit and directiy incorporates the elements 3. without the necessity of contacting and 
welding; if the film 3 is self-supporting, the siqsport 2 may be avoided. 

[001 0] It is well known tiiat tiophene based materials may be selectively oxidised at the thienyl sutfurs to ttie corre- 
25 spondng thiophene-S.S-dioxides by reactions already described in the literature and therefore not reported in details. 
[001 1 ] Thiophene-based molecules can be properly engineered by controlling tiie length of the chain and by insert- 
ing some functional groups, in order to tune the HOMO-LUMO gap from the blue to the red, resulting in the unprece- 
dentedly wide tunability of the emitted light. 

[001 2] It has t>een surprisingly found that thienyl-S,S-dioxide based materials have an high quantum efficiency and 
30 also the following properties: wide spectral tunability, no degradation in time (thus avoiding the requirement of encap- 
sulation), completely plastic device (no metal contacts) suitable for technologies over plastic sut>strates. 
[001 3] Thienyl-S.S-cGoodde materials may therefore be used in ttiin f 0ms useful in organic light emitters. 
[0014] Thienyl-S.S-diQxide materials show the highest photoluminesce efficiency ever measured for thiophene 
based materials in the solid state. The obtained values (mainly > 37%) are even higher tfian tfiat of the organic luml- 
35 nescent materials which are currently urxJer investigation for application in organic electroluminescent devices. 

[001 5] Main features of the thtenyl-S.S-cfioxide materials according to the present invention are the functionalization 
of the thienyl sulfur with oxygen atoms (in order to modify the HOMO and LUMO energies arxl to facilitate cfiarge injec- 
tion), which is carried out such as the material comprises at least one thiophene ring in the a position of the ring of said 
thienyl-S.S^ioxide arxJ grafting some alkyi substituents in the p posrtbn of the ring of said thienyt-S.S-dioxide to prevent 
40 tiie formation of planar or partiy planar structures (in order to avoid ten stacking), leading to unprecedentty eff k^ient pho- 
toluminescence. 

[0016] The insertion of one non-aromatic thienyl-S,S-(fiQxide unit within the skeleton of an oligothiophene does not 
modify the tctc* character of the frontier ort)itals but decreases their energy and ttiat of the LUMO more than that of the 
HOMO. 

45 [001 7] The oligomers containing a thienyl-S.S-dioxIde moiety are characterized by much greater electron aff irvties 
and slightiy higher oxidation potentials than their lully aromatic' counterparts. This results in a sut>stantial enhancement 
of the electron injection capability of the corrpound. With strong impact on the electrical performance of the devfoe. 
[0018] Furthernrwre, the oxygen atoms nrxxlify the self organization properties of the molecules in the solid state. 
Indeed, the molecular packing of these new nfK)lecules is characterized by the presence of a nurTt>er of extremely short 

50 van der Waals separations, all involving the oxygen atoms. The peculiar molecular packing causes a strong enhance- 
ment of the quantum eff k;iency of the thiophene solid films. 

[0019] In conclusion, thienyl-S.S-diQxide based materials allow to achieve all the modifications needed to optimize 
the electronic properties and the solid state nrK)rphology of thfophenes required for LED applications. 
[0020] The advantages of the luminescent material according to the present invention wnll be dear from the forego- 
55 ing desaiption. 

[0021 ] In this way one can envisage the application of a new generation of solid state thiophene films for high-effi- 
ciency, colour-tunable LEDs operating with reduced cun-ents and without r levant problems of chemical stability. 
In particular, tiie luminescent material used in the organic LED according to the present invention provides for wide tun- 
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ability of the energy emitted, from blue to infrared, and high quantum efficiency. 

[0022] Moreover, functionalizing the sulfur in the thiophene ring with oxygen atoms prcvides for increasing the elec- 
tron affinity of the molecule to ensure improved electron injection; inaeasing ionization potential to nnake the nrK>lecule 
more stable with respect to water and oxygen; nrxxjulating HOMO and LUMO energies and the HOMO-LUMO energy 
5 gap by appropriately alternating modified and non modified thiopehene rings. 

[0023] Moreover, inserting a thiophene ring functionalized with oxygen atoms in oligothiophenes of appropriate 
length and symmetry provides for maintaining or increasing intrinsic quantum efficiency and for modulating the wave- 
. length of the emitted light 

[0024] Rnally, functionalizing nrxxJif ied oligothiophenes by insertion of appropriate alkyl substrtuents prevents n-n 
10 stacking and the formation of planar or partly planar structures in the oligothiophene films. 

[0025] The invention will new be described with reference to examples, however, it should be observed that several 
modifications obvious for the specialist are possible within the framework of the idea of the invention. 

Example 1 

15 

Comparative table 

[0026] In table 1 the properties are compared of known luminescent materials for LEDs and of the new materials 
according to the present invention. 

20 



TABLE 1 





Quantum Efficiency 


Electrical Conductivity 


Degradation 


Processing 


Tunability 


Thiophenes 


Low 


Good 


No 


Easy 


Yes 


PPV 


High 


Low 


Yes 


Encapsulation + con- 
tacts 


Weak 


AI(q3) 


High 


Low 


Weak 


Encapsulation ■¥ con- 
tacts 


No 



Example 2 

[0027] In table 2 are reported nfK)lecular structure, fluorescence frequencies and efficterx:y of selected oligothi- 
35 ophene-S,S-dioxides which have been obtained according to the present invention, operating in conventional manner 
the necessary chemical reactions, which are acoordingty not reported. 
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TABLE 2 
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Sample Molecular Structure T| ( % ) A.pL(nm) 
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wherein Me = methyl; Hex = n-hexyl; Np = neo-pentyl; 
Ph = phenyl; Ph-Ph = p-biphenyl. 



45 Claims 

1 . A luminescent organic material for light-emitting de/ices, characterized by comprising at least one thienyt-S.S-diox- 
ide unit 

50 2. A luminescent organic material as claimed in Claim 1 . characterized by comprising at least one thiophene ring in 
the a position of the ring of said thienyl-S.S-cfiaxide. 

3. A luminescent organic material as claimed in Claim 2, characterized by having at least one alkyi or aryl substituent 
in the p position of the ring of said thienyl-S.S-dioxide. 

55 

4. A luminescent organic material as claimed in Claim 3, characterized in that said alkyI substituents are of such a 
form as to prev nt n-n stacking and the formation of planar or partly planar structures. 
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5. A luminescent organic material for light-emrtting devices, characterized by comprising at least one sut>stance 
selected from the group consisting of : 
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wherein Me = methyl; Hex = n-hexyl; Np = neo^entyl; Ph = phenyl; Ph-Ph = p-biphenyl 

6. Use of a luminescent materia) as claimed in Claims 1 to 5 in contacts. 

55 

7. Use of a luminescent material as claimed in Clainr^ 1 to 5 in organic LEDs. 

8. A light-emitting diod comprising a luminescent material, characterized in that said luminescent material comprises 
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at least a thienyl-S,S-dioxide. 
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